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Introduction
In SA2 LS R2-2211136 (S2-2209958) [1], SA2 has supported CN based MT communication handling for UE in RRC_INACTIVE with eDRX cycle beyond 10.24s as below.
	Based on the answer provided by RAN3 and RAN2, SA2 has concluded to support the CN based MT communication handling for UE in RRC_INACTIVE with eDRX (>10.24s) as following.
-	It is agreed to support MT data and signalling handling within the CN when the UE is unreachable due to long extended DRX in RRC inactive.
-	The gNB sends an indication to the CN to handle MT communication while the UE is in RRC_INACTIVE state and provides unreachability information (e.g., eDRX values negotiated between UE and gNB for RRC_INACTIVE state). This allows the CN to apply the HLcom functionality (e.g. data buffering, notifications to other network and application functions etc) based on the unreachability information the gNB provided (as described in CR3705 and CR3555).
-	If the gNB has indicated the UE has entered RRC_INACTIVE to the CN, the gNB also notifies the CN about the RRC State transition back to RRC_CONNECTED (as described in CR3555). 
NOTE 1:	If the indication of UE transition to RRC_INACTIVE is not sent (or sent after UE has entered RRC_INACTIVE) by the gNB then until CN receives it the CN cannot apply HLcom functionality and other NFs will not be aware of the UE reachability, and certain HLcom related services provided to the AF via NEF would not be available. Downlink data transmitted from the UPF to RAN might be discarded and not delivered to the UE.


In RAN2 #120 [2], based on the discussion for the above LS, the following agreement was reached.
	R2 assumes that R3 will provide reply to SA2 question as it is not in R2 domain. No reply from R2 is needed. Any additional impacts to signalling, e.g. negotiation of PTW, can be discussed later (when R2 Redcap WI starts). 


In this contribution, we will discuss long eDRX in RRC_INACTIVE state related issues and give our views.
Discussions
 Regarding SA2 LS
In SA2 LS S2-2204989 [3], for long eDRX cycle beyond 10.24s, two solutions were discussed by SA2 as below:
· Solution A: NG-RAN provides UE unreachability information (e.g. the eDRX information) to CN when UE enters RRC_INACTIVE state with long eDRX and CN handles the MT data/signalling while the UE is unreachable.
· Solution B: NG-RAN handles MT data/signalling while the UE is RRC_INACTIVE state. In case UE moves out of the RNA area during the unreachable time period and performs resume outside the RNA, the UE context retrieval between NG-RAN nodes and data forwarding are supported via CN when there is no Xn interface.
Based on the reply from RAN2 and RAN3 for the above solutions, SA2 finally agree to support the CN based MT communication handling, i.e. solution A. 
For this solution, RAN needs to send a CN based MT communication handling request including eDRX information to CN. The triggering criteria of this request is up to network implementation. After receiving this request, CN can send a response to RAN to acknowledge the indication. The whole procedure is shown in Figure 1.
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Figure 1 NG-RAN initiated Connection Inactive procedure with CN based MT communication handling
In the following, CN may evaluate the maximum wait time based on the received eDRX cycle of RRC_INACTIVE state. Once the UE is reachable, CN can send N2 message to NG-RAN node with the request for the UE to be transitioned to RRC_CONNECTED. For reference, the network triggered connection resume procedure is also shown in figure 2.
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Figure 2 Network Triggered Connection Resume for UE in RRC Inactive 
with CN based MT communication handling
Generally, RAN paging for UE in RRC Inactive can be triggered by the incoming DL user plane data or DL NAS signaling from 5GC. Here in this new network triggered connection resume procedure, the above N2 message of requesting for UE in RRC_CONNECTED will be as a triggering event for RAN paging.
 Configuration scenario for Rel-18 RedCap UEs
In Rel-17 RedCap, two restrictions are applied for eDRX function:
· Restriction 1: INACTIVE eDRX cycle can be configured only when IDLE eDRX cycle is configured considering CN paging can also be monitored in RRC_INACITVE state. 
· Restriction 2: INACTIVE eDRX cycle should be no longer than IDLE eDRX cycle considering power saving requirement of RRC_IDLE state is larger than that of RRC_INACTIVE state. 
Based on these two restrictions, there are four valid configuration scenarios in Rel-17 RedCap as shown in Table 1.
Table 1 Configuration scenarios for Rel-17 RedCap
	Cases
	Configuration For RRC idle
	Configuration For RRC inactive

	Case 1
	eDRX cycle < = 10.24s
	eDRX cycle < = 10.24s

	Case 2
	eDRX cycle < = 10.24s
	eDRX cycle is not configured

	Case 3
	eDRX cycle > 10.24s
	eDRX cycle <= 10.24s

	Case 4
	eDRX cycle > 10.24s
	eDRX cycle is not configured



Similarly, for Rel-18 eRedCap, we think the above two restrictions can also be used.
Proposal 1: The configuration restrictions and corresponding configuration scenarios for Rel-17 RedCap UE can be reused for Rel-18 eRedCap UE.
With reference to the configuration restrictions, for Rel-18 eRedCap UE, one more valid configuration scenario is identified for UE in RRC_INACTIVE with long eDRX (>10.24s), i.e. both eDRX cycle of RRC_IDLE and eDRX cycle of RRC_INACTIVE are configured and eDRX cycle of RRC_INACTIVE state is no longer than that of RRC_IDLE state, as shown in Table 2.
Table 2 New configuration scenario for Rel-18 eRedCap UE
	Cases
	Configuration For RRC idle
	Configuration For RRC inactive

	Case 5
	eDRX cycle > 10.24s
	eDRX cycle > 10.24s and be shorter or equal to eDRX cycle of RRC_IDLE state


Proposal 2: A new configuration scenario where IDLE eDRX cycle is larger than 10.24s and INACTIVE eDRX cycle is also larger than 10.24s but shorter or equal to IDLE eDRX cycle can be considered for Rel-18 eRedCap UE.
 eDRX configuration for RRC_INACTIVE
In Rel-17 RedCap, when IDLE eDRX cycle is larger than 10.24s, the paging monitoring is based on PTW scheme. The UE will monitor paging within PTW. Then similarly, for RAN paging in the scenario of INACTIVE eDRX cycle beyond 10.24s, a RAN PTW should also be introduced to control paging monitoring. During RAN PTW, the UE needs to monitor RAN paging. Outside PTW, the UE doesn’t perform paging monitoring.
Proposal 3: RAN PTW is introduced for RAN paging in the scenario of INACTIVE eDRX cycle beyond 10.24s.
In current TS 38.331[4], RAN can configure a separate INACTIVE eDRX cycle which is shorter or equal to 10.24s by RRC release message. Then after introducing the long eDRX for UE in RRC_INACTIVE, it is straightforward to allow configuring eDRX cycle beyond 10.24s separately by RAN. Moreover, PTW length should also be configured along with eDRX cycle. 
Proposal 4: For supporting long eDRX for UEs in RRC_INACTIVE, both eDRX cycle beyond 10.24s and PTW need to be configured by RAN via RRC release message.
In the last RAN2 meeting, it’s suggested to discuss the negotiation of PTW in the WI phase. Per our understanding, RAN is already able to determine INACTIVE eDRX cycle and PTW length based on IDLE eDRX cycle, IDLE PTW and possible traffic mode. So we don’t see the necessity to introduce additional PTW negotiation scheme between RAN and CN. But since this issue is mainly in RAN3 and SA2 scope, the final decision is up to them. 
Observation 1: From RAN2 perspective, RAN is already able to determine INACTIVE eDRX cycle and PTW length based on IDLE eDRX cycle, IDLE PTW and possible traffic mode. The negotiation of PTW between RAN and CN is not needed. But the final decision can be left to RAN3 and SA2.
In Rel-17 RedCap, IDLE eDRX configuration is defined as shown in Table 3.
Table 3 NR Paging eDRX parameters for RRC_IDLE state
	IE/Group Name
	Presence
	IE type and reference
	Semantics description

	NR Paging eDRX Cycle
	M
	ENUMERATED (hfquarter, hfhalf, hf1, hf2, hf4, hf8, hf16, hf32, hf64, hf128, hf256, hf512, hf1024, …)
	TeDRX CN defined in TS 38.304 [12]. Unit: [number of hyperframes].
{2.56s, 5.12s, 10.24s, 20.48s, 40.96s, 81.92s, 163.84s, 327.68s, 655.36s, 1310.72s, 2621.44s, 5242.88s, 10485.76s}

	NR Paging Time Window
	O
	ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …) 
	PTW defined in TS 38.304 [12]. 
Unit: [1.28 seconds]
{1.28s, 2.56s, 3.84s, 5.12s, 6.4s, 7.68s, 8.96s, 10.24s, 11.52s, 12.8s, 14.08s, 15.36s, 16.64s, 17.92s, 19.2s, 20.48s}


Per our understanding, the above configuration values marked by green for IDLE eDRX can also be used for RAN paging of INACTIVE eDRX cycle beyond 10.24s. Of course, since MT data can be buffered in CN when the UE is unreachable, it is up to SA2 to determine the final values.
Observation 2: From RAN2 perspective, the current eDRX cycle values beyond 10.24s and PTW length values for RRC_IDLE state can be reused for RAN paging with eDRX cycle beyond 10.24s, but the final decision is up to SA2 considering MT data is buffered in CN.

In the section 7.4 of TS 38.304[5], the calculation formulas for PH, PTW_start and PTW_end for IDLE eDRX cycle beyond 10.24s is as below:
	The PH for CN is the H-SFN satisfying the following equations:
H-SFN mod TeDRX_CN= (UE_ID_H mod TeDRX_CN), where
-	UE_ID_H: 13 most significant bits of the Hashed ID.
-	TeDRX_CN: UE-specific eDRX cycle in Hyper-frames, (TeDRX_CN = 2, …, 1024 Hyper-frames) configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 128 * ieDRX_CN, where
-	ieDRX_CN = floor(UE_ID_H /TeDRX_CN) mod 8
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window (PTW) length (in seconds) configured by upper layers


Similar to IDLE eDRX cycle beyond 10.24s, for RAN paging with long eDRX cycle in INACTIVE, the PH, PTW_start and PTW_end needs to be calculated based on eDRX cycle and PTW length. We think the above formulas can also be reused. The main change may be that, the subscript in the above formulas needs to be accordingly updated to eDRX_RAN for RAN paging.
Proposal 5: The calculation formulas for PH, PTW_start and PTW_end for CN paging with IDLE eDRX cycle beyond 10.24s can be reused for calculation of the corresponding parameters for RAN paging with INACTIVE eDRX cycle beyond 10.24s.
Per our understanding, RAN eDRX cycle is generally shorter than CN eDRX cycle and there is integral multiple relationship between them. Therefore, based on the above formula, we understand some PHs for CN paging must have RAN paging. We call these PHs as the overlapping PHs. Besides the overlapping PHs, since RAN eDRX cycle is shorter than CN eDRX cycle, there are also some PHs only having RAN paging.   
Observation 3: With the assumption that RAN eDRX cycle is generally shorter than CN eDRX cycle and there is integral multiple relationship between them, we can see among the PHs for CN paging,  there must be some PHs having both CN paging and RAN paging which can be called as the overlapping PHs. Meanwhile, there are also some PHs only having RAN paging.
Besides, by observing the above formula for calculating PTW_start, we can see PTW_start is related to eDRX cycle. That means, if different IDLE eDRX cycle and INACTIVE eDRX cycle are configured, PTW_start of CN and RAN may be different in the overlapping PHs of CN and RAN. In the following, we give an example of the eDRX configuration for RRC_IDLE and RRC_ACTIVE as shown in figure 3. The corresponding parameters are assumed as below:
· eDRX cycle for RRC_INACTIVE (TeDRX_RAN )  = 4 H-SFN (40.96s)
· eDRX cycle for RRC_IDLE (TeDRX_CN ) = 8 H-SFN (81.92s)
· PTW_length for RRC_INACTIVE = 2.56s
· PTW_length for RRC_IDLE =  2.56s
· RAN paging cycle = 32 SFN
· UE specific DRX cycle = 64 SFN
· Default DRX cycle = 64 SFN
· Ns = 2
· UE_ID = 10
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Figure 3 The different eDRX cycle configuration between RAN and CN 
In this figure, PTW_start of CN is SFN 128 and PTW_start of RAN is SFN 256 in a certain overlapping PH, which is obvious that they have the different PTW_start in the overlapping PH.
Observation 4: During the overlapping PHs, CN paging and RAN paging may have the different PTW_start.
Meanwhile, we can see that paging window in the overlapping PH is divided into three parts in the above figure 3. Firstly, the UE will monitor paging from CN in the first part marked by yellow. Then the UE will monitor both paging from CN and paging from RAN in the second part marked by pink. Finally, the UE will monitor paging from RAN in the third part marked by green. It obviously can be seen, in this monitoring mode, even with long eDRX for both CN paging and RAN paging, due to that the PTW of CN paging and PTW of RAN paging are interlaced with each other, the UE still needs to monitor a lot of POs, and then the benefit of reducing PO monitor outside the PTW for long eDRX almost cannot be achieved. The UE power consumption may be also increased.
We think the following way can be used to alleviate this issue. If the PTW of CN paging and the PTW of RAN paging can be aligned, e.g., to make them start at the same time or make their overlapping as much as possible, the total paging occasions which need to be monitored can be reduced. 
The following Figure 4 gives an example of this design thinking. In the overlapping PHs, we can see the POs in yellow part for monitoring only CN paging in previous Figure 3 is reduced in this Figure 4:
[image: ]
Figure 4 The same PTW_start for CN and RAN
It’s easy to see that, the smaller the overlapping area between the previous PTW for CN paging and PTW for RAN paging is, the more POs needs to be monitored previously. Then with the proposed new scheme of aligning PTW for CN and PTW for RAN, the more POs can be reduced. Therefore, this new scheme is helpful for saving UE power. 
Proposal 6: It’s suggested that, in the overlapping PHs, the PTW for CN paging and the PTW for RAN paging can be aligned, e.g., starts at the same time. 
In order to achieve the same PTW, firstly, the same PTW_start should be used. Secondly, the same PTW length is used. Since the UE can monitor paging from CN, ieDRX in the formula should use the same value ieDRX as for RRC_IDLE state, which means that the UE calculates PTW_start using IDLE eDRX cycle. In addition, the UE will also use PTW of CN. Thus the same PTW_start and PTW_end will be used in the overlapping PHs. In the PHs with only RAN paging, the UE will monitor RAN paging. 
Proposal 7: In the overlapping PHs, PTW_start of RAN paging is calculated using eDRX cycle of RRC_IDLE state in order to obtain same start for PTW of CN paging and PTW for RAN paging. PTW_end is calculated based on CN PTW length.
T determination for PF and PO
Based on the analysis of section 2.3, there are two possible monitoring parts as shown in the above figure 4:
· Part 1: in the overlapping PTW in the overlapping PH, the UE monitors CN paging and RAN paging.
· Part 2: PH with only RAN paging, the UE monitors paging from RAN.
In the part 1, since the UE monitors CN paging and RAN paging, T is determined by the shortest of RAN paging cycle, UE specific DRX cycle and default DRX cycle. In the part 2, since only RAN paging is monitored, T is determined by RAN paging cycle. 
Proposal 8: During the overlapping PTW in the overlapping PHs, T is determined by the shortest of RAN paging cycle, UE specific DRX cycle and default DRX cycle.
Proposal 9: In the PHs with only RAN paging, T is determined by RAN paging cycle.
Conclusions
This contribution presents some of our views on eDRX enhancements for Rel-18 eRedCap. We have the following proposals and observations:
Proposal 1: The configuration restrictions and corresponding configuration scenarios for Rel-17 RedCap UE can be reused for Rel-18 eRedCap UE.
Proposal 2: A new configuration scenario where IDLE eDRX cycle is larger than 10.24s and INACTIVE eDRX cycle is also larger than 10.24s but shorter or equal to IDLE eDRX cycle can be considered for Rel-18 eRedCap UE.
Proposal 3: RAN PTW is introduced for RAN paging in the scenario of INACTIVE eDRX cycle beyond 10.24s.
Proposal 4: For supporting long eDRX for UEs in RRC_INACTIVE, both eDRX cycle beyond 10.24s and PTW need to be configured by RAN via RRC release message.
Proposal 5: The calculation formulas for PH, PTW_start and PTW_end for CN paging with IDLE eDRX cycle beyond 10.24s can be reused for calculation of the corresponding parameters for RAN paging with INACTIVE eDRX cycle beyond 10.24s.
[bookmark: _GoBack]Proposal 6: It’s suggested that, in the overlapping PHs, the PTW for CN paging and the PTW for RAN paging can be aligned, e.g., starts at the same time. 
Proposal 7: In the overlapping PHs, PTW_start of RAN paging is calculated using eDRX cycle of RRC_IDLE state in order to obtain same start for PTW of CN paging and PTW for RAN paging. PTW_end is calculated based on CN PTW length.
Proposal 8: During the overlapping PTW in the overlapping PHs, T is determined by the shortest of RAN paging cycle, UE specific DRX cycle and default DRX cycle.
Proposal 9: In the PHs with only RAN paging, T is determined by RAN paging cycle.
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